Introduction {#sec0005}
============

The femoral head projects superomedially and slightly forwards when it articulates with the acetabulum. The head and neck form an angle of 115--140° (mean of 126°) with the long axis of the body of the femur.[@bib0110] The angle is greatest at birth and decreases gradually, from around 150° in newborns to around 133° at 15 years of age. It is smaller in women because of the width of the pelvis and greater obliquity of the body of the femur.[@bib0115], [@bib0120]

The femoral head and the acetabulum of the hip bone grow independently but in such a way that they develop congruently. This mechanism is influenced by forces that act externally in these areas. The most important of these are body weight and muscle tension forces, which need to have magnitudes and directions for appropriate interactions. Any change to the compression forces or any joint incongruence will lead to deformities. The pressure, arching and shearing stresses to which the femur is subjected are important in relation to fracture production and also development of various pathological processes.[@bib0125], [@bib0130], [@bib0135]

Radiographic studies have suggested that the hip axis and the femoral neck are becoming longer. These changes may increase the risk of fractures through the increased length of the lever arm. Other non-geometric factors that might predispose toward femoral fractures have been widely debated in the literature and these include: advanced age, female sex, osteoporosis, genetic factors (such as Colia1 Sp1 polymorphism), smoking, alcohol abuse, previous fractures and low estrogen levels. Thus, new analyses on how the geometric pattern might influence pathological conditions of the femur are pertinent.[@bib0140], [@bib0145], [@bib0150], [@bib0155]

According to American statistics, more than 250,000 hip fractures occur every year and this number is expected to approximately double over the next 30 years.[@bib0125] The treatment for most femoral fractures is surgical. Therefore, it is important to know the geometry of the femur, since a large proportion of implants come in standard sizes, selected from a range supplied by manufacturers. For example, the PFN^®^ short nail (AO/ASIF) can provide inclinations of 125°, 130° or 135° between the screws of the neck and the axis of the intramedullary nail. Choosing these implants wrongly may give rise to alterations to the anatomy of the hip joint.[@bib0160], [@bib0165]

Because of the clinical importance of the morphometric aspects of the proximal femur, a wide-ranging survey was conducted in order to provide data on the geometry of femoral bones among Brazilians.

The aims of the present study were to ascertain the femoral geometry of the Brazilian population by means of radiographic evaluations and correlate the parameters with regard to sex and right/left side.

Materials and methods {#sec0010}
=====================

An observational cross-sectional study was conducted, in which patients who had undergone radiography on the pelvis in anteroposterior (AP) view were evaluated. The population comprised of 250 men and 250 women who were attended at the emergency service or in the outpatient clinic or wards of the orthopedics and traumatology service. None of the radiographic images was produced for occupational reasons. The AP radiographs of the pelvis included in this study were from skeletally mature patients who did not present osteoarthrosis, fractures or tumoral or infectious lesions.

To obtain the radiographs, the incident ray was directed along the median line, just above the pubic symphysis and the feet were rotated internally at around 15°. The patient was positioned in dorsal decubitus and the ampoule was one meter from the frame. The degree of magnification obtained through the radiographic method was corrected.

The femoral measurements analyzed were as follows:Offset -- distance between the center of rotation of the hip and a line traced out perpendicularly through the center of the femoral shaft ([Fig. 1](#fig0005){ref-type="fig"}).WFN -- width of the femoral neck, i.e. the distance at the midpoint of the femoral neck, perpendicular to its axis ([Fig. 2](#fig0010){ref-type="fig"}).LFA -- length of the femoral axis, i.e. the straight-line distance between the extremities of the greater trochanter and femoral head, in the frontal plane ([Fig. 2](#fig0010){ref-type="fig"}).LFN -- length of the femoral neck, i.e. the distance in millimeters between the lower region of the femoral head and the base of the greater trochanter ([Fig. 2](#fig0010){ref-type="fig"}).NSA -- neck-shaft angle created between the neck and shaft, which was measured in the frontal plane by means of goniometry ([Fig. 3](#fig0015){ref-type="fig"}).

The analysis on the measurements of the radiographic parameters was done by two examiners. To compare all the variables regarding sex, the ANOVA test was used. The software used in this statistical analysis comprised SPSS V17, Minitab 16 and Excel Office^®^ 2010. The significance level was set at 0.05 (5%) and all the confidence intervals constructed over the course of the study were 95%.

Results {#sec0015}
=======

The right and left sides were compared for all the variables ([Table 1](#tbl0005){ref-type="table"}). These comparisons were made separately for each gender and for both together (general). Here, the paired Student\'s *t* test was used, given that the data were paired, i.e. the same subject provided the study limb and his or her own control.

It could be seen that some of the comparisons between the sides were statistically significant. The results from measuring the width of the femoral neck and offset presented mean differences between the sides for both sexes and in general.

In comparing the lengths of the femoral neck, there was only a statistically significant difference in the general comparison, with a mean of 36.65 on the left side, versus 36.44 on the right side (*p* = 0.048).

On the other hand, regarding the length of the femoral axis, there was only a statistically significant result from comparing the men, such that the mean for the left side was 114.06, versus 114.39 on the right side.

Lastly, regarding the neck-shaft angle, there were statistically significant differences between the sides for the women and in general. It needs to be highlighted that the left side always had a greater mean than the right side.

The sexes were then compared for all the variables. These comparisons were made on the right side and on the left side. The ANOVA test was used here ([Table 2](#tbl0010){ref-type="table"}).

It could be seen that both for the left side and for the right side, there were statistically significant mean differences between the men and women for the five variables. For example, with regard to the offset on the right side, the mean for the women was 41.97, versus 47.57 for the men, and with regard to the offset on the right side, the mean for the women was 41.53, s 46.54 for the men (*p* \< 0.001). It could be seen that for all the variables on both sides, the men had greater means than the women.

Discussion {#sec0020}
==========

Several aspects of the geometry of the femoral neck have been found to influence the risk of hip fractures. Studies have correlated greater length of the femoral neck and lower values for the neck-shaft angle with greater incidence of hip fractures.[@bib0145], [@bib0170], [@bib0175]

Population-based studies have shown that, over time, there has been an increase in the length of the femoral neck and a decrease in the width of the neck in the female population and have correlated these changes with an increase in the risk of fractures. This may have contributed toward the one-third increase in the incidence of hip fractures.[@bib0180], [@bib0185]

Few studies evaluating the geometry of the proximal femur have been conducted in Brazil.[@bib0190], [@bib0195] Because of the importance of the morphometric evaluation, a larger sample was recruited for the present study (250 radiographs from men and 250 from women) than was used in previous studies. Moreover, measurements of the femoral offset were included in the present study.

In relation to the length of the femoral neck, the mean difference between the sides was statistically significant (*p* = 0.048), but the mean obtained was greater than that observed in the study by Mourão and Vasconcellos,[@bib0190] who found that the mean for the right side was 24.9 mm and for the left side, 24.3 mm. Duthie et al.[@bib0180] analyzed Scottish populations at two different times and also found greater lengths of the femoral neck: 34.9 mm and 38.3 mm for men and 32.5 mm and 35 mm for women. They explained this difference in terms of better nutrition during childhood and changes in living standards in general.

Regarding the length of the femoral axis, O'Neill et al.[@bib0185] evaluated this in female populations in 1950 and 1990 and found values of 124 mm and 136.2 mm, respectively. In a similar study, Reid et al.[@bib0200] found values of 124.0 mm and 130.5 mm, respectively. The values for the length of the femoral axis found in the present study were smaller than those of the studies by O'Neill et al.[@bib0185] and Reid et al.[@bib0200] This difference can be explained by the different methodologies used, given that in the present study, the pelvic structure was not included in the analysis of the length of the femoral axis. Nor was this done in the study by Mourão and Vasconcellos,[@bib0190] who found lengths of 92.1 mm for the right side and 92.0 mm for the left side.

Higher values for the width of the femoral neck in the Brazilian population were found here, in comparison with the study by Mourão and Vasconcellos,[@bib0190] whose values were 26.7 mm (±3.1) for the right side and 26.3 mm (±3.3) for the left side. Neither of the Brazilian studies found any significant differences between the sides. O'Neill et al.[@bib0185] observed that there was a positive correlation between the length and width of the femoral neck and found measurements of 36.6 mm and 39.1 mm for the widths in 1950 and 1990, respectively. Using similar methodology, Reid et al.[@bib0200] found mean values for the width of the femoral neck of 38.1 mm from radiographs performed on women in 1950 and 38.6 mm in 1990. They therefore concluded that the width of the femoral neck had increased over the course of time. In the radiographic study by Cheng et al.,[@bib0125] the mean values found for the length of the femoral neck for both sexes were 35.1 mm for the left side and 35.5 mm for the right side.

For the neck-shaft angle, the present study found larger values for the left side, with a statistically significant mean difference between the sides. Mourão and Vasconcellos[@bib0190] analyzed a Brazilian population and also found a statistically significant difference between the sides, with a neck-shaft angle of 111.2° (±5.9) for the right side and 114.2 (±5.5) for the left side. Silva et al.[@bib0195] found values of 122.5° for the right side and 125.6° for the left side and explained this difference between the limbs with the hypothesis that the dominant limb (the one that would be subjected to more weight-loading) might have a smaller neck-shaft angle than the contralateral limb. In a multicenter prospective study among women over the age of 60 years, using DEXA, Faulkner et al.[@bib0135] found that the neck-shaft angle of the control group was 126°. Cheng et al.[@bib0150] found a mean value of 125° in a radiographic study on the proximal femur.

The values found for the offset in the present study were 44.03 mm for the left side and 44.77 mm for the right side. We did not find any reports in this regard in the Brazilian specialized literature.[@bib0195], [@bib0205] Ferris et al.[@bib0210] analyzed the contralateral femur of patients with subcapital fractures, transtrochanteric fractures and osteoporosis and found mean values of 43 mm (±0.4), 38 mm (±0.6) and 41 mm (±0.6), respectively. This difference can be attributed to the methodology used, among other reasons.

Conclusion {#sec0025}
==========

The mean values of the main measurements of the proximal femur of these Brazilians differed from the values found in previous studies. There was a statistically significant mean difference between the men and women for all the variables, both on the left side and on the right side. The men presented higher values than those of the women.
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###### 

Comparison of the variables with regard to the right and left sides.

                                 Female    Male     General                       
  ------------------------------ --------- -------- --------- --------- --------- --------
  *Length of the femoral neck*                                                    
   Mean                          34.68     34.55    38.54     38.27     36.65     36.44
   Median                        34.00     33.00    38.27     38.20     36.10     36.00
   SD                            5.30      5.42     4.72      4.50      5.37      5.31
   Min.                          27.40     25.00    30.00     27.00     27.40     25.00
   Max.                          49.72     48.50    46.82     47.76     49.72     48.60
   *p*-Value                     0.355     0.056    0.048                         
                                                                                  
  *Width of the femoral neck*                                                     
   Mean                          34.81     34.55    40.61     40.16     37.71     37.25
   Median                        35.00     34.72    40.00     40.00     38.00     37.00
   SD                            3.39      2.98     4.24      3.71      4.81      4.45
   Min.                          24.20     28.60    31.00     32.00     24.20     28.60
   Max.                          41.16     41.13    51.15     49.36     51.15     49.36
   *p*-Value                     \<0.001            0.001     \<0.001             
                                                                                  
  *Length of the femoral axis*                                                    
   Mean                          102.48    102.68   114.06    114.39    108.27    108.57
   Median                        104.30    104.00   115.00    1115.00   107.46    108.00
   SD                            5.91      6.19     7.79      7.23      9.01      8.93
   Min.                          88.00     85.40    97.00     97.70     88.00     85.40
   Max.                          120.00    118.00   132.66    134.00    132.66    134.00
   *p*-Value                     0.519              0.047     0.051               
                                                                                  
  *Neck-shaft angle*                                                              
   Mean                          129.54    128.42   132.38    131.53    130.96    129.98
   Median                        129.90    128.10   133.40    132.00    130.00    130.00
   SD                            9.16      5.09     9.39      5.31      9.37      5.43
   Min.                          120.00    116.70   120.00    118.80    120.00    116.70
   Max.                          143.60    144.10   146.00    150.00    146.00    150.00
   *p*-Value                     0.023              0.103     0.006               
                                                                                  
  *Offset*                                                                        
   Mean                          41.53     41.97    46.54     47.57     44.03     44.77
   Median                        41.31     42.55    47.00     48.60     44.60     45.00
   SD                            7.11      6.76     8.33      8.14      8.13      7.98
   Min.                          30.00     30.00    30.10     32.00     30.00     30.00
   Max.                          69.10     66.90    68.80     69.13     69.10     69.13
   *p*-Value                     0.002              \<0.001             \<0.001   

###### 

Comparison of the variables in relation to gender.

                                 Left      Right              
  ------------------------------ --------- -------- --------- ---------
  *Length of the femoral neck*                                
   Mean                          34.68     38.54    34.55     38.27
   Median                        34.00     38.27    33.00     38.20
   SD                            5.30      4.72     5.42      4.50
   Min.                          27.40     30.00    25.00     27.00
   Max.                          49.72     46.82    48.50     47.76
   *p*-Value                     \<0.001            \<0.001   
                                                              
  *Width of the femoral neck*                                 
   Mean                          34.81     40.61    34.55     40.16
   Median                        35.00     40.00    34.72     40.00
   SD                            3.39      4.24     2.98      3.71
   Min.                          24.20     31.00    28.60     32.00
   Max.                          41.16     51.15    41.13     49.36
   *p*-Value                     \<0.001            \<0.001   
                                                              
  *Length of the femoral axis*                                
   Mean                          102.48    114.06   102.68    114.39
   Median                        104.30    115.00   104.00    1115.00
   SD                            5.91      7.79     6.19      7.23
   Min.                          88.00     97.00    85.40     97.70
   Max.                          120.00    132.66   118.00    134.00
   *p*-Value                     \<0.001            \<0.001   
                                                              
  *Neck-shaft angle*                                          
   Mean                          129.54    132.38   128.42    131.53
   Median                        129.90    133.40   128.10    132.00
   SD                            9.16      9.39     5.09      5.31
   Min.                          120.00    120.00   116.70    118.80
   Max.                          143.60    146.00   144.10    150.00
   *p*-Value                     \<0.001            \<0.001   
                                                              
  *Offset*                                                    
   Mean                          41.53     46.54    41.97     47.57
   Median                        41.31     47.00    42.55     48.60
   SD                            7.11      8.33     6.76      8.14
   Min.                          30.00     30.10    30.00     32.00
   Max.                          69.10     68.80    66.90     69.13
   *p*-Value                     \<0.001            \<0.001   
